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INTRODUCTION
Hexachlorocyclopentadiene and related compounds have
been studied extensively in connection with Diels-Alder
reactions.

Many of the adducts formed are used as inter-

mediates in insecticide syntheses.

It is of interest to

study the stereochemistry of the adducts of one of the
hexachlorocyclopentadiene derivities.

5,5-Dimethoxy-

1,2,3,4-tetrachlorocyclopentadiene and various dienophiles,
when allowed to react, yield compounds of the bridged
bicyclo
and/or

@.2.~ hept-2-ene series.
~

The study of the endo

configuration of various functional groups such

as carboxyl, aldehyde, and hydroxymethyl can be related to
the known exo-5-hydroxymethyl-1,2,3,4-tetrachlorobicyclo[2.2.1] hept-2-ene-7-one.

2

LITERATURE REVIEW
Much work has been done in the past on the stereochemistry of Diels-Alder reactions.

Alder and co-workers

have published an enormous amount of work in this field. 1 - 2
When a cyclic diene is allowed to react with an unsymmetrical dienophile two structural isomers can be obtained:

the

exo form and the endo form.

H

B

A

en do

H
exo

In 1937 Alder and Stein 3 published what have now become
known as the Alder rules for addition.

In brief, these rules

state that the favored orientation is that which allows for
maximum overlap between

the~-electrons

in the dienophile

and the diene, thus leading to the endo configuration.

It

is also stated that the exo isomer is thermodynamically
more stable than the endo form and will accumulate at the
expense of the latter.

For example, the reaction between

cyclopentadiene and crotonic acid produces varying amounts
of endo-exo isomers. 4

The formation of the exo or endo

isomer exclusively could not be obtained by temperature

3

variation.

Changes in the ratio of products with temperature

. t '1on have been reported. 4-6
var1a

In 1957, Fan ? reported that

the tetrachlorocyclopentadiene adduct with methyl vinyl
ketone produces both the exo and endo isomers.

Conversion

of the endo to the thermodynamically more stable exo form
is carried out by refluxing the former in sodium methoxide.
There have been very few cases reported in which one
and only one isomer is produced in the initial unisomerized Diels-Alder reaction.

The reaction between cyclo-

pentadiene and maleic anhydride, which has been studied
extensively, produces only the endo isomer. 8

As was stated

earlier, Alder and Stein predicted that temperature variation
during reaction plays a very important part in the ratio of
exo-endo isomers formed.

An example of this phenomenon was

provided by Woodward and Baer9 who found that, at room
temperature, maleic anhydride adds to 6,6-pentamethylene
fulvene to form the endo adduct, but at higher temperatures
and/or longer reaction times the product is the exo isomer.
Similar results have been reported for the addition of
. t.
10-11
maleic anhy d ri d e t o o th er f u l vene d er1va 1ves.
Hexachlorocyclopentadiene, I, undergoes vigorous reaction
with base and is decomposed by certain alkali.

It is

possible to avoid decomposition by using some solvent such
as methanol, ethanol, 1-butanol, or ethylene glycol.

In the

presence of alcoholic base, the halide I gives the ketal

4
of l,2,3,4-tetrachlorocyclopentadiene. 12 - 14

When I is

allowed to react with one equivalent of methanolic base,
a mixture of I and 5,5-dimethoxy-1,2,3,4-tetrachlorocyclopentadiene, II, is produced.

It has been postulated 1 5 that

the alkoxide ion attack is a second-order nucleophilic substitution with a double allylic shift.

Kinetic investiga-

tions have shown that the rate-determining step is bimolecular at l7°C., first order in each reactant.

Cl

Cl

Cl

ClO Cl_M:.:.:;,.:e:. . :.O.=. : .H-~,

Cl

Cl

Cl ·

Cl

KOH

OMe

OCI
Cl

MeO
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Cl

Cl
II

I

The ketals of 1,2,3,4-tetrachlorocyclopentadiene are usually
yellow liquids which undergo Diels-Alder reactions at a
16-17
faster rate than the parent compound Io
McBee and his co-workers have studied, quite extensively,
the Diels-Alder reactions of 5,5-dimethoxy-1,2,3,4-tetrachlorocyclopentadieneo16

It is of significant importance

to note that the dienophile must have certain structural
requirements to undergo reaction.

In 1955, McBee 18 reported

that only certain halogenated dienophiles will participate
in a Diels-Alder reaction with 5,5-dimethoxy-1,2,3,4-tetrachlorocyclopentadiene.

It was concluded that such a dieno-

phile must have at least one hydrogen atom on each of the

5

double bonded carbons.

Thus, olefins which have the structure

below will not react.
)c=CCl-R
When II has been allowed to react with the dienophile,
the ketal bridge is easily hydrolyzed to the ketone.

These

bridged ketones are, for the most part, unstable to heat and
base, thus providing a fairly easy route to benzene-type
compounds which are difficult to obtain by other routes.
It is imperative that the hydrolysis of the ketal takes
place after the Diels-Alder reaction.

The reason for this

lies in the fact that these ketones produced from the
hydrolysis of the ketal exist only in the dimeric form. 1 3

ClnCl
MeO

OMe

Cl14l

Cl
Cl

0

[flCl~Cl

__j Cl

Cl

l

Cl
II

III

Although ketals are known to hydrolyze readily in acid
media, some do so only with extreme difficulty.

Yates and

Eton 1 9 have reported that the hydrolysis of the adduct of
5,5-diethoxy-1,2,3,4-tetrachlorocyclopentadiene and hexachlorocyclopentadiene does not proceed in an 80% concentrated sulfuric acid medium.

Reaction could only be obtained

in 100% concentrated sulfuric acid.

A possible explanation

for this is given by Woods, Carboni and Roberts. 20

The

6

need for more stringent conditions must reflect the difficulty
of converting a single carbon bridge atom from its sp3
hybridization state to the SP 2 hybridization state in the
grouping engendered by the abnormally small c-c-c bond
angle at the bridge-head carbon.

)c

+OR~

'P

-OR

The difficulty in hydrolyzing the ketal bridge was also
encountered by Griffin and Price. 21

The acid hydrolysis of

the cage compound IV could be obtained only by refluxing
the ketal in hydriodic acid-acetic acid media.

IV

In studying the stereochemistry of Diels-Alder adducts
of ketals of hexachlorocyclopentadiene, McBee, Stoffer, and
Braendlin 22 have succeeded in synthesizing the compound which
would have been obtained by the hydrolysis of the adduct of
5,5-dimethoxy-1,2,3,4-tetrachlorocyclopentadiene and allyl
alcohol.

The method of synthesis of this compound was not

obtained via the usual Diels-Alder route.

Hexachlorocyclo-

pentadiene when allowed to react with morpholine in methanol
produces 5,5-dimorpholinyl-1,2,3,4-tetrachlorocyclopentadiene,
V.

Proof of structure was obtained by hydrolysis of the

7
diamine to the known dimer of 2,3,4,5-tetrachlorocyclopentadiene-1-one, III.

The reaction mechanism for the diamine

synthesis is analogous to the alkoxide-ion attack in ketal
formation discussed earlier.

5,5-Dimorpholinyl-1,2,3,4-

tetrachlorocyclopentadiene, when allowed to react with allyl
alcohol, yields, 5,7-methyleneoxy-7-morpholinyl-1,2,3,4tetrachlorobicyclo

VI gave
~o2.~

~.2.~

hept-2-ene, VI.

Hydrolysis of

~-5-hydroxymethyl-1,2,3,4-tetrachlorobicyclo-

hept-2-ene-7-one, VIIo

The hydroxymethyl group is

placed in the exo position due to the geometry of the monomorpholinyl compound VI.
R2 N
:;,_ Cl

Cl

Cl
I

0

NR 2
Cl

NR 2 =

Cl

Cl

v

CH 2 =CH-CH 2 0H

CON)

0

----~
Cl
CH 2

'/

Cl

:)

Cl y

0

~

VII

8

With the syntheses of VII, a new avenue of conformational
analysis has been opened.

The adducts of 5,5-dimethoxy-

1,2,3,4-tetrachlorocyclopentadiene with acrolein, acrylic
acid, and allyl alcohol can now be studied.

Interconversion

of substituent groups followed by hydrolysis of the ketal
can be used to determine the stereochemistry of these DielsAlder reactions using exo-5-hydroxymethyl-1,2,3,4-tetrachlorobicyclo

@o2•D

hept-2-ene-?-one as a reference compound.

9

DISCUSSION AND RESULTS
As stated earlier, the primary objective of the current
work is to study the stereochemistry of Diels-Alder reactions.

The synthesis of exo-5-hydroxymethyl-1,2,),4-

tetrachlorobicyclo [2.2.U hept-2-ene-7-one, VII, has opened
an avenue by which the stereochemistry of adducts of hydrolyzed 5,5-dimethoxy-1,2,3,4-tetrachlorocyclopentadiene and
various dienophiles can be studied.

The exo configuration

of the hydroxy-ketone VII is established by the geometry
of the starting material.

When an infrared spectrum of the

hydroxy-ketone VII was run in chloroform, bands at 2.80 and
5.45 microns, characterizing hydroxyl and keto groups, were
observed.

When an infrared spectrum was run in a Nujol mull,

these bands were missing.

McBee, Stoffer, and Braendlin 22

attribute this to the intramolecular hemiketalization of
the hydroxy-ketone to the compound VIII, thus establishing
the exo configuration of the compound.
0

0

~CH

Cl

Cl

Cl
VII

VIII

2

10

With this configuration confirmed, compounds of the hydrolyzed ketal-acid,-aldehyde, and-alcohol adducts can be
compared with the hydroxy-ketone VIIo

Interconversion of

the functional aldehyde, alcohol, and acid groups will,
hopefully, establish the configuration of these compounds.
Preparation of the ketal-alcohol adduct IX was not
successful in the presence of the usual Diels-Alder solvents:
ioe., benzene and toluene.

Attempted purification by

column chromatography using alumina resulted in the isolation of pure ketal which was completely recovered.

Repeat-

ing the reaction in the absence of solvent yielded the
ketal-alcohol adduct IX.

McBee had reported this synthesis

both in the presence and absence of solvento 16 ' 2 3

The

Diels-Alder reaction of the ketal II and allyl bromide to
yield the ketal-bromide adduct IX proceeded only in the
absence of solvent.

MeXMe
CluCl
Cl

>

Cl
Cl
II
IX

11

MeO

0

MeO

Cl

OMe

OMe

Cl_c_H...Ji2_=_C_H_-_CH..,.j2_B_r_~~

Cl

Cl

Cl

II

X

The formation of the ketal II - acrylic acid adduct
has been reported to proceed without solvent. 2 3

This

reaction was carried out using benzene as solvent and a
good yield of the ketal-acid adduct XI was obtained.

MeO

. OMe

u Cl---~------~
CH 2 =CH-COOH
Cl~~

Cl

Cl

C6H6

II

CY
XI
The ketal-aldehyde adduct XII was also prepared using benzene as solvent.

MeO

OMe

c_H~2 _=_CH_-_c_H_O____~~

C l 0 C l___
Cl

Cl
II

C6H6

c
XII

12

McBee reported that the ketal-aldehyde adduct XII is a liquid
at room temperature,

16 (b. p. 156 0 C.@ 5 mm.).

It was found

that upon standing for two weeks the crude ketal-aldehyde
adduct solidified,

(m. p.

54°C.).

Infrared spectra

of the

liquid ketal-aldehyde adduct XII and the solid were superimposable.

If partial solidification of the adduct represented

a separation of the exo and endo isomers, the infrared spectrum studied did not distinguish them. 24

Gas chromatography

analysis of the liquid aldehyde using a silicone oil col1oon
at 260° showed only one peak.

However, the existence of

only one isomer cannot be justified under these conditions.
If comparison of the various adducts by interconversion
is to be made with the known hydroxy-ketone adduct VII, it
is necessary to hydrolyze the ketals to the corresponding
ketones.

Although ketals are presumably easily hydrolyzed

in acidic media, the hydrolysis of the ketal-alcohol adduct
IX could not be realized.

Numerous procedures were used

varying both the amount and type of mineral acid.

Hydro-

chloric, hydriodic, and hydrobromic acids were used.

In

each case the ketal-alcohol adduct IX was recovered.

The

infrared spectrum of recovered material was identical with
the spectrum of the starting ketal-alcohol adduct.
tion, the absence of the peak at

In addi-

5.45 microns, attributed

to the strained carbonyl, showed that no hydrolysis had
taken place.

However, it should be noted that a quantita-

tive recovery of the ketal-alcohol adduct could not be

13
obtained, presumably due to loss during recrystallization.
Also, the melting point of recovered ketal-alcohol adduct
varied anywhere from 6J°C. to 79°C.
ing point range was observed.

No trend in the melt-

The variation of melting

points could be due to fractional crystallization of exoendo isomers.
Several explanations for the difficulty encountered
in hydrolysis of the ketal-alcohol adduct can be postulated.
If the oxygen of the hydroxymethyl group were more basic than
either of the methoxy groups, then protonation of the
functional hydroxymethyl group would be favored.

This would

give a positive species which would repel further hydrogen
attack, thus disfavoring hydrolysis of the ketal.

This does

not appear to be the case, since ethers are more easily
protonated than alcohols.

Also Woods, Carboni, and Roberts 20

have observed a high degree of instability of bridged ketones,
as discussed earlier.
A mixture of glacial acetic-hydriodic acid was used
by Griffin and Price 21 to hydrolyze the highly hindered
cage ketal IV.

Using this procedure, the ketal-alcohol

adduct IX was refluxed for 24 hours, yielding only a trace
of organic residue (less than 0.05 g.).

Not enough material

was obtained for a melting point determination.

However,

infrared analysis showed a carbonyl band at 5.45 microns.
Bands at 2.80 and 6.22 microns representing hydroxyl and
unsaturation respectively were missing.

No starting material

14
was recovered.

Repeating this reaction on different occasions

resulted in complete loss of material.

It should be noted

that no decomposition products were obtained either.
Hydrolysis of the ketal-acid adduct XI has been reported
by McBee 16 to give the ketone-acid adduct.

When this reac-

tion was attempted, the only product isolated was an unknown
compound which had a melting point of 223°C.
small (1%) amounting to

0.5 g.

The yield was

The infrared spectrum showed

the absence of both the hydroxyl and double bond peak for
the acid adduct.

One possible explanation for this obscrva-

tion is that the acid adduct is a gamma-delta unsaturated
acid and may have undergone lactonization.

If this is the

case the structure for this compound is XIII.

MeO

OMe

Cl
- - - - C=O

XIII
Sodium fusion tests 2 5 on this compound show the presence
of chlorine and the absence of sulfur.

(It was thought

that, in as much as hydrolysis of the acid adduct XI is

15

carried out in concentrated sulfuric acid, possibly some
ester of sulfuric acid may have been formed.)

When the

unknown product XIII is added to sodium carbonate and

n2 o,

for n. m. r. analysis, carbon dioxide was given off.
Although positive identification of the unknown compound
was not obtained it is worthy to note that if lactonization
had taken place it could do so only if the carboxylic acid
group of the ketal-acid adduct were in the endo configuration.

Since lactonization and internal ether formation are

good chemical routes for identification of structural isomers
of Diels-Alder reactions, a mercuration of the k8tal alcohol
adduct IX was attempted.

The formation of internal ethers

has been successfully carried
on compounds of the bicyclo

o~t by Henbest and Nicholls 26

[2.2.~

hept-2-ene serieso

ClHg

The double bond of these compounds was u11.substi tuted.

If

mercuration of the ketal-alcohol adduct IX had taken place,
a compound of the structure XIV would have been formed.
Since the only products obtained were mercuric acetate and
unreacted ketal-alcohol adduct, proof of endo configuration
of the hydroxymethyl group could not be justified by this
means.

16
MeO

OMe

XIV
Since considerable difficulty was encountered in the
hydrolysis of ketal-alcohol and ketal-acid adducts,

co~

parison of chemical and physical properties with exohydroxy-ketone VII was not possible.
Interconversion of the alcohol, aldehyde, and acid
adducts will not give proof of exo or endo configuration,
but will indicate whether or not the isomers formed in
each case are of the same configuration.

A Baeyer-Villiger

reaction 2 7 was carried out on the ketal-aldehyde adduct.
Work up of this reaction gave the acid adduct.

A mixed

melting point of the oxidized aldehyde and the original
ketal-acid adduct XI showed the compounds to be identical.
McBee and his co-workers 16 succeeded in oxidizing the ketalaldehyde adduct to the ketal-acid adduct and obtained
identical mixed melting points"

Infrared spectra

of the

oxidized aldehyde and the acrylic acid adduct were superimposable.

Studies of the spectra show a very broad 0-H

stretching absorption in the )o00-4.00 micron regiono
This is an indication of hydrogen bonding and since both

17

the oxidized aldehyde and the acrylic acid adducts were in
a

5%

chloroform solution during the infrared analysis,

molecular hydrogen bonding is unlikely.

inter-

This must mean a

high degree of intramolecular hydrogen bonding is taking
place.

The only possible intramolecular hydrogen bonding

must be due to the methoxy group of the ketal and the
hydroxy group of the carboxylic acid.

This is shown in

compound XV.

Cl
XV

A study of the structural models of the ketal-acid adduct
showed that there is a high degree of probability for such
intramolecular hydrogen bonding.

The only way such bonding

could take place is if the carboxylic acid group is in the
exo configuration.

Endo configuration would render this

type of bonding very unlikely.

The ketal-acid adduct

probably forms as two different isomers.

Inspection of

infrared spectrum of several different preparations of the
ketal-acid adduct showsvarying degrees of intensity for
the hydroxy peak.
exo-endo formation.

This may be due to different ratios of

18

The ketal-aldehyde adduct, before oxidation, is most
certainly a mixture of exo and endo isomers.

This is con-

firmed by a study of the nuclear magnetic resonance spectra
of the adduct.

If only one isomer were present, two peaks

of equal intensity would have been observed for the methoxy
groups.

The spectrum shows

ing two different isomers.

4 different peaks, thus indicatAlso, if only one isomer were

present one peak or a doublet of equal intensity would have
been formed.

As can be seen from the spectrum (Figure l)

two peaks were observed but they were of unequal intensity.
It is thus concluded that each isomer resolves one aldehyde
proton and the different intensities represent a ratio of
isomers.
The Baeyer-Villiger oxidation of the ketal-aldehyde
adduct did not give a 100% yield, but the ketal-acid adduct
is, to a very large degree, the exo isomer.

This, as stated

earlier, is shown by the great amount of hydrogen bonding
in the infrared spectra.

N. M. R. SPECTRUM OF KETAL-ALDEHYDE ADDUCT XII
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CONCLUSIONS
The basis for study of exo or endo configuration of
the ketal-alcohol, -aldehyde, and -acid adducts lies in the
hydrolysis of the corresponding ketal structures.

It has

been found that the ketal-alcohol adduct IX cannot be
hydrolyzed by mineral acid or a combination of mineral and
organic acid.

This, in itself makes it impossible to

compare, by this method, the various adducts made with the
known exo-5-hydroxymethyl-1,2,3,4-tetrachlorobicyclo

~.2.~

hept-2-ene-7-one.
Although confirmation of the stereochemistry of the
Diels-Alder adducts cannot be obtained as was first thought
there are some data which indicate, very strongly, both
exo and endo configurations of the aldehyde and acid
functional groups.
Nuclear magnetic resonance studies of the aldehyde
adduct show a mixture of endo and exo isomers.

The experi-

mental procedure for synthesizing the ketal-acid adduct XI
was run several times.

Studies of the infrared spectra

of each sample of the adduct showed different intensities
for the hydroxyl peak at 2.80.

This is due to different

ratios of exo-endo isomer formation.

Infrared spectral

studies of the oxidized ketal-aldehyde adduct XII show
that the acid produced is largely the exo isomer.
It was thought that two separated isomers of the same
adduct would show appreciable shifting in the infrared

21

peaks and also a small but significant change in melting
points.

No significant difference in the infrared spectra

of the original acrylic acid adduct and the oxidized aldehyde could be detected.
point was observed.

No depression of mixed melting

22

EXPERIMENTAL
PREPARATION OF 5,5-DIMETHOXY-1,2,3,4TETRACHLOROCYCLOPENTADIENE, II
To a mixture of 74.4 g.

(1.33 mole) of potassium

hydroxide in 200 ml. of methanol was added, dropwise,
141.5 g.

(0.5 mole) of hexachlorocyclopentadiene in 250 ml.

of methanol.

The base was added rapidly at first until

the reaction started to reflux.

The temperature was main-

tained at reflux by controlling the rate of base addition.
The reaction mixture was stirred at room temperature for
10 hours.

The potassium chloride, which formed, was fil-

tered and excess methanol removed by distillation.

The

crude product was washed with water and dried over calcium
chloride.

Distillation gave 92.4 g.

(70%) of 5,5-dimethoxy-

1,2,3,4-tetrachlorocyclopentadiene, II, b. p. 82-84°C. @
2 mm., reported 13 108-110 0 C.@ ll mm., n 18 D 1.5265, reported 13
n 20 D 1.5288, m.p. 25°C., reported 1 3 25°Co

PREPARATION OF 7,7-DIMETHOXY-5-HYDROXYMETHYL1,2,3,4-TETRACHLOROBICYCLO
To 52.8 g.

@.2.]

-2-HEPTENE, IX

(0.2 mole) of the ketal II was added 11.6 g.

(0.2 mole) of allyl alcohol.

The reaction mixture was

heated at l00.5°C. for 48 hours.

No solvent was used.

The

reaction mixture was cooled in ice to become a very viscous
oil.

Upon standing at room temperature the oil solidified.

23
Several recrystallizations from petroleum ether (30-60°C.) benzene solution gave 32.2 g.

(50%) of the ketal-alcohol

adduct IX, m. p. 78-80°C., reported 16 m.
") CHCl
1\. max. 3 2. 80, 3. 30, 6. 24 p.

p~ 82.5°- 83.5°c.,

PREPARATION OF 7,7-DIME'THOXY-1,4,5,6-TETRACHLORO
BICYCLO

~.2a~ -5-HEPTENE-2-CA.RBOXYLIC ACID XI

A mixture of 52.8 g.
17.3 g.

(0.2 mole) of the ketal II and

(0.24 mole) of acrylic acid in 100 ml. of benzene

was allowed to reflux for 48 hours.

Benzene was removed

under reduced pressure to leave a white solido

Several

recrystallizations from petroleum ether solution gave
23o5 g.

(35%) of the ketal-acid adduct XI, mo p. 159 .(\ CHC1 3
2.85, 3.30,
162°C., reported 16 m. p. 163-164°C.,
max.
5o82, 6.22, ?.50, ?.82p.

PREPARATION OF ?,7-DIMETHOXY-2-FORMYL-1,4,5,6TETRACHLOROBICYCLO [2.2.] -2-HEPTENE XII
To 26.4 g.

(Ool mole) of the ketal II was added 6.72 g.

(0.12 mole) of acrolein in 100 ml. of benzene.

The reaction

mixture was allowed to reflux at 80°C. for 48 hours.

The

benzene was removed from the reaction product under reduced
pressure.

Distillation of the crude product gave 22.4 g.

(?O%) of the ketal-aldehyde adduct XII, b. p. 140°C. @ 3.0
mm., reported

16

bo p. 155-15

5.?6, 6.2o, 6.9o P·

6o

@

5

.0 mm.'

) CHC13 3. 30
(\max.
'

24

N. m. r. Data:
and 9.96 ppm.

Sweep width of 1000 cps., peaks at 8.96
Sweep width of 250 cps., peaks at 2.30, 2.42,

2.45, ).52, ).60, ).62, and ).70 pp~.
Nuclear magnetic resonance spectra was obtained from
a 60 m.c. n. m. r. unit, 28 filter band width of

4 cps.,

R. F. field 0.05 m.G., sweep time of 250 sec., and spectrum
amp. of 1 x 2.

PREPARATION OF 7,7-DIMETHOXY-5-BROMOMETHYL-1,2,),4TETRACHLOROBICYCLO

~.2.u

HEPT-2-ENE X

To 13.2 g. (0.05 mole) of the ketal II was added 12.2
gms. (0.05 mole) of allyl bromide.

The reaction mixture

was allowed to reflux for 48 hours without solvent.
mixture was then cooled and petroleum ether added.

The
The

resulting solution was filtered and the solvent removed to
leave a yellow liquid.

The liquid was then dissolved in

methanol and cooled to yield 8.8 g.
bromide adduct

x,

(40%) of the ketal0
16
0
m. p. 4 3-4 5 C., reported
m. p. 6)-65 C.

PREPARATION OF 5,5-DIMORPHOLINYL-1,2,),4TETRACHLOROCYCLOPENTADIE~E

V

Morpholine, 4).5 g. (0.5 mole), was added slowly to
hexachlorocyclopentadiene, 27.3 g.
of methanol at 0°C.

(0.1 mole), in 100 ml.

The reaction mixture was allowed to

stand at room temperature for 48 hours.

The product was
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filtered, decolorized, and crystallized from petroleum ether
to give 24.6 g. (67%) of the dimorpholmyl compound V, m. p.
117 0 C. dec., reported 22 m. p. 118 0 C. dec.

PREPARATION OF 5,7-METHYENEOXY-Z-MORPHOLINYL-1,2,3,4
TETRACHLOROBICYCLO

~.2.~

HEPT-2-ENE VI

Benzene was added to a mixture of 50 ml. of allyl
alcohol and 10.0 g.
was homogeneous.

(0.027 mole) of V until the mixture

This solution was allowed to stand for

4 weeks at room temperature.

Excess allyl alcohol and

benzene were removed under reduced pressure.

The result-

ing red oil was dissolved in ether, dried over calcium
chloride, and decolorized with Darco.
removed to yield yellow crystals.

The solvent was then

Several recrystallizations

from methanol gave 2 g. (22%) of colorless crystals VI,
0
22
0
m. p. 137-138 C., reported
m. p. 138 C.

PREPARATION OF EX0-5-HYDROXYMETHYL-1,2,3,4TETRACHLOROBICYCLO

j2.2.]

A mixture of VI, 1.3 g.

HEPT-2-ENE-7-0NE VII

(0.033 mole), 50 ml. of con-

centrated hydrochloric acid, and 20 ml. of acetone were
heated at reflux for 6 hours.

The acetone was removed

under reduced pressure and the residue extracted with
ether.

Evaporation of the solvent and recrystallization

of the residue from hexane-chloroform gave 0.75 go (72%)
of the exo hydroxy ketone VII, m. p. l23-l24°c., reported 22

26
o
m. P• 124 .5 C.,

"'l
CHCl
f\.~ax.3 2.80, 3.30, 5.45, 6.23, 6.85 )J-·

ATTEMPTED HYDROLYSIS OF 7,7-DIMETHOXY-1,4,5,6TETRACHLOROBICYCLO

HEPT-5-ENE-2-CARBOXYLIC ACID XI

A mixture of 9.0 g.

(0.027 mole) of the ketal-acid

adduct XI dissolved in 32.5 ml. of sulfuric acid was stirred
at room temperature for 48 hours.

The reaction mixture was

then filtered, by suction, through a sintered glass funnel
and the crude product washed with 200 ml. of an ice-water
mixture.

Extraction with ether and removal of the solvent

gave a yellow oil.

5%

The oil was dissolved in 100 ml. of a

sodium bicarbonate solution, filtered, and acidified

with concentrated hydrochloric acid.

Crystallization of

the oil, obtained during acidification, from petroleum

m. p. 219-223°C.,

0.5 g. of an unknown product,
A_Nujol. 3.30, 6.20 P·
The compound

is base soluble.

.
f us1on
. 26 t es t s s h ow th e presence
S o d 1um

ether - ether mixture gave

of chlorine and absence of sulfur.
PERACID OXIDATION OF THE ALDEHYDE ADDUCT XII
TO THE ACID ADDUCT XI
A mixture of 2.28 g.

(0.038 mole) of acetic acid and

4.3 g. of hydrogen peroxide (30%) containing 12.2 g.

(0.038

mole) of the ketal-aldehyde adduct was stirred at room
temperature for 24 hours.

The white precipitate which

formed was washed with water and extracted with methylene
chloride.

The methylene chloride solution was then washed

27
twice with water and twice with an aqueous solution of
ferrous sulfate.

The solvent was then removed to give a

semi-solid which was crystallized from ligroine-ether
solution.

Several recrystallizations yielded 7.7 g. (60%)

of this acid adduct, m. p. l57-l60°C.

Mixed m. p. with

XI, prepared as Diels-Alder adduct, l56-l59°c. 16

ATTEMPTED HYDROLYSIS OF THE KETAL-ALCOHOL ADDUCT IX
WITH HYDROGEN BROMIDE
A mixture of 0.0155 moles of the ketal-alcohol adduct
IX, 20 ml. of acetone, and 0.08 moles of hydrogen bromide
(analytical grade, 4o%) ~as

allowed to reflux for 24 hourso

The acetone was then evaporated and the resulting residue
extracted with ether.
three

The ether solution was washed with

25 ml. portions of water and dried over calcium

chlorideo

Evaporation of the ether gave a quantitative

yield of the starting material, mo p. 6)-65°C.

The

infrared spectrum was identical to that of the starting
ketal-alcohol adduct IX.
ATTEMPTED HYDROLYSIS OF THE KETAL-ALCOHOL ADDUCT IX
WITH HYDROCHLORIC ACID
The experimental procedure used here was the same
procedure as was used in the attempted hydrolysis of ketalalcohol adduct IX with hydrogen bromide, except hydrochloric acid was used.

The starting material was recovered
0
16
in quantitative yield, mo Po 73-75 Co, reported
m. p.

28

0

82.5-83.5 C.

The infrared spectra was identical to the

starting ketal IX.

The ketal recovered in this experiment

did have a slight green color.

ATTEMPTED HYDROLYSIS OF THE KETAL ALCOHOL ADDUCT IX
WITH HYDRIODIC ACID
The experimental procedure used here is again identical
to the hydrolysis attempts of the ketal-alcohol adduct IX
with hydrochloric and hydrobromic acid, except hydriodic
acid was used.

The starting material was recovered in

quantitative yield.

The infrared spectra of the recovered

ketal-alcohol and that of the original ketal-alcohol adduct
were superimposable, m. p. of recovered ketal, 68-70°C.,
reported

16

0

m. p. 82.5-83.5 C.

The reaction was also carried out using dioxane as a
solvent.

The same results were observed.

ATTEMPTED HYDROLYSIS OF THE KETAL-ALCOHOL ADDUCT IX
IN ACETIC ACID-HYDRIODIC ACID
A mixture of 4 g. (0.012 moles) of the ketal-alcohol
adduct IX, 75 ml. of 4o% hydriodic acid, and 50 ml. of
glacial acetic acid was stirred at reflux for 24 hours.
Sodium hydroxide solution (20%) was added until the pH
approached six.

Extraction of product with methylene

chloride proved unsuccessful.

The pH was reduced to one

and the excess hydrochloric acid and acetic acid were
removed under reduced pressure.

The resulting residue

29

was dissolved in ether and excess iodine removed by extraction with an aqueous solution of sodium theosulfate.

The

ether layer was then washed twice with water, dried, and
the ether evaporated.
residue was found.

A slight trace (0.05 g.) of organic

This procedure was used two separate

times with the same results.

No decomposition products

were obtained either.

ATTEMPTED MERCURATION OF THE KETAL-ALCOHOL ADDUCT IX
TO FORM INITIAL ADDITION PRODUCT
To l g.

(0.003 mole) of the ketal-alcohol adduct IX

was added 2.6 g. of mercuric acetate and 30 ml. of methanol.

The mixture was heated at reflux for 2 hours.

The

resulting solution was allowed to evaporate to approximately one-third its original volume and 5 ml. of a 0.1%
sodium chloride solution added.
resulting precipitate.

Water was added to the

Approximately 50% of the precipitate

was soluble in ether and was extracted with the same.

The

ether layer was washed twice with water, dried over calcium
chloride, and evaporated to dryness.

The remaining residue

was insoluble in water, partially soluble in benzene and
0

chloroform, and had a m. p. of 200 C.
was obtained.

No infrared spectrum

30

ATTEMPTED OXIDATION OF KETAL-ALCOHOL ADDUCT IX
To 5.0 g.

(0.015 mole) of the ketal adduct IX and

5.0 g. of sodium chromate in 50 ml. of water was added
5 ml. of concentrated sulfuric acid.

The solution was

stirred at room temperature for 24 hours.

Ether extraction

of the blue solution was washed with water and dried over
calcium chloride.

Evaporation of the solvent gave only

0.08 g. of an unknown residue.
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